Abstract Surface water samples from Godavari river basin was analyzed quantitatively for the concentration of eight heavy metals such as arsenic, cadmium, chromium, copper, iron, lead, nickel and zinc using atomic absorption spectrophotometer. The analyzed data revealed that iron and zinc metals were found to be the most abundant metals in the river Godavari and its tributaries. Iron (Fe) recorded the highest, while cadmium (Cd) had the least concentration. Arsenic, cadmium, chromium, iron and zinc metals are within the acceptable limit of BIS (Bureau of Indian Standards (BIS) 1050 (2012) Specification for drinking water, pp 1-5). The analysis of Godavari river and its tributary's water samples reveals that the water is contaminated at selected points which are not suitable for drinking. Nickel and Copper concentration is above acceptable limit and other metal concentration is within the acceptable limit. Comprehensive study of the results reveals that out of 18 water quality stations monitored, water samples collected at 7 water quality stations are found to be within the permissible limit for all purposes. While Rajegaon, Tekra, Nandgaon, P. G. Bridge, Bhatpalli, Kumhari, Pauni, Hivra, Ashti, Bamini, and Jagda stations were beyond the desirable limit due to presence of copper and nickel metals. The contents of copper metal ions were higher at some water quality stations on Wunna river (Nandgaon); Wardha river (Hivra) and Wainganga river (Kumhari, Pauni, Ashti) during
Introduction
Heavy metals are elements with a specific gravity that is at least four to five times the specific gravity of water at the same temperature and pressure (Duruibe et al. 2007; Garbarino et al. 1995) . These elements have with positive valances and occupy group I to III in the periodic table. Out of thirty five elements including cadmium, antimony, arsenic, bismuth, cerium, chromium, copper, gallium, gold, iron, lead, manganese, mercury, cobalt, nickel, platinum, silver, tellurium, thallium, zinc, tin, uranium and vanadium are considered as heavy metals (Glanze 1996) . Worldwide, pollution created by heavy metals in aquatic environment is a growing problem and it has reached an alarming rate currently. Surface water receives metals from natural and anthropogenic sources in natural condition. The concentration of metals in sediments depends on types of rocks or soils present along the watershed. As after the industrial revolution, point sources from mining, municipal waste, industries and non-point sources from both agriculture and urban storm water runoff have collected in the water bodies. Due to heavy metals such as lead, arsenic, selenium, cadmium, copper, zinc, uranium, mercury, and nickel serious health hazards are caused due to transfer of these contaminants into food chain. Due to changing environmental conditions and extreme use of agrochemical heavy metals are being accumulated in soils which are transferred to water system by leaching. This poses a serious threat to human life (Nicholson et al. 2003; Wong et al. 2003) . Heavy metals being toxic in nature are affecting plant growth. Thus, it is essential to protect the soil and to make it free of heavy metal contamination so that it cannot enter into food chain. In industrial areas, soil contamination is of great concern (Hussain et al. 2014) .
However, the rivers play a major role in transporting municipal and industrial wastewater and runoff from agricultural and mining land. The present study aimed to envisage the water quality status of river Godavari and its tributaries with respect to its heavy metal concentrations. The research work was carried during Sept. 2011 to Aug. 2013.
Metal toxicity
Out of 106 identified elements, about 80 of them are called metals. Heavy metals or trace elements are among the most harmful of the elemental pollutants. Higher concentration of some heavy metals such as Pb, Sn, Hg, Zn and Cu are toxic to the system (Central Water Commission (CWC) 2014; Bhatia and Jaiswal 2006) . Trace metals include essential elements such as Fe as well as toxic metals such as Cd and Hg. Most of these have a strong affinity for sulphur and disrupt enzyme function by forming bonds with sulphydryl groups in enzymes (Central Water Commission (CWC) 2014; Hussain et al. 2014) . Heavy metals are persistent and easily enter the food chain and accumulate until they reach toxic levels (Abah et al. 2013) . These may eventually kill fish, birds and mammals (Abah et al. 2013) . Many countries in the world have experienced menace of metal pollution in water, and a large number of people have been affected. Causes of this pollution have been well documented by (Voutsa et al. 1995; Newchurch and Kahwa 1984; Tariq et al. 1993; Chukwujindu et al. 2012; Samanidou and Papadoyannis 1992; Sharma et al. 1992; Valová et al. 2010) . However, the primary sources of metal toxicity in surface water have been thought to be the natural occurrence and subsequent degradation of the environment (Jessica et al. 2011) .
Arsenic
Arsenic (As) is an element found everywhere that is comparatively rare but extensively distributed in the soil, atmosphere, rocks, natural waters and organisms. It is organized in the environment through a combination of natural processes such as biological activities, weathering reactions and volcanic emissions as well as through a range of anthropogenic activities (Kinniburg and Smedley 2001; Kapaj et al. 2006; Walter and Carter 1995) . Most environmental arsenic problems are the recruitment under natural conditions, but the man has a significant impact through mining activity, combustion of fossil fuels, the use of arsenical pesticides, herbicides and crop desiccants and the use of arsenic as an additive in livestock feed, particularly for poultry (Welch 2003; Karthikeyan and Hirata 2003) . In the last few decades, although the use of arsenical products such as pesticides and herbicides has decreased significantly but their use for wood preservation is still common. The impact on the environment of the use of arsenical compounds will remain for some years (Nadeem and Shafiq 2007; Faust et al. 1983 ).
Cadmium
Cadmium is widely distributed in the earth's crust in a very small amount. In the earth's crust, it is uniformly distribute but normally estimated to be present at an average concentration of between 0.15 and 0.2 mg/kg. Cadmium may be present in the aquatic environment at relatively low levels as inorganic complexes such as carbonates, hydroxides, chlorides or sulphates (Hiatt and Huff 1975) . Even in polluted rivers, the cadmium levels in the aqueous phase may be significantly low and even sometimes below the detection limit. A maximum acceptable concentration of cadmium in drinking water has been established on the basis of health considerations. BIS (2012) proposed that the maximum desirable limit of cadmium is 3 lg/L without any relaxation in the absence of another source. Surface waters have been contaminated by industrial wastes, plating works, plants manufacturing cadmium pigments, textile operations, cadmium-stabilized plastics, or nickel-cadmium batteries, or by effluents from sewage treatment plants (Rani et al. 2014 ).
Chromium
Chromium is used to call as metal with two faces, that it can be either beneficial or toxic to humans and animals depending on its concentrations and oxidation state (Zayed et al. 1998) . Cr(III) is considered to be a trace element essential for the proper functioning of living organisms (Wang et al. 2009) . Nutritionally, at lower concentrations, Cr(III) is an essential component of a balanced human and animal diet for preventing adverse effects in the metabolism of glucose and lipids, e.g., impaired glucose tolerance, increased fasting insulin, increased cholesterol and triglycerides, and hypoglycemic symptoms (Zayed and Terry 2003) . Cr(III) at increased concentrations can interfere with several metabolic processes because of its high capability to coordinate various organic compounds resulting in inhibition of some metalloenzyme systems (Zayed et al. 1998) . Chromium is widely used in industries, such as electroplating, paint and pigment manufacturing, textile, fertilizer and leather tanning (Ganguli and Tripathi 2002) . These industries discharge trivalent and hexavalent chromium with waste effluent to the soil and surface water. Chromium is generated by various industries, occurs in different oxidation states but Cr(III) and Cr(VI) are the most significant. Hexavalent chromium is highly toxic, mutagenic, and carcinogenic (Lee et al. 2008 ). In addition, Cr(VI) is highly mobile in most environments, mainly due to its soluble nature (Fukai 1967) . In spite of that, heavy metals are highly toxic to most microbes; there are metaltolerant bacteria. Long-term exposure to metals imposes a selection pressure that favors the proliferation of microbes that are tolerant/resistant to this stress (Duruibe et al. 2007 ).
Copper
Copper is an element commonly found in the nature and widely used by humans. The sources of copper in watercourse are copper mining and smelting, chemical weathering, steel production, electrical industry, agriculture and sewer sludge. Copper is an essential trace element for all organisms and can be used in metabolic pathways. If new pipes are used, as adult humans can tolerate up to 12 mg/day, young children are easily toxicated by copper. There have been records of kidney failure in young children exposed to elevated copper concentrations. The Swedish recommendation of a maximum concentration of 2 mg/L in drinking water (Livsmedelsverket förfat-tningssamling 2005) prevents acute toxic symptoms such as diarrhea in adults. BIS 10500 (2012) has recommended an acceptable limit of 50 lg/L of copper in drinking water; this concentration limit can be extended to 1500 lg/L of copper in case no alternative source of water with desirable concentration is available.
Iron
Iron is the most abundant element in the earth's crust and the most abundant heavy metal; it is present in the environment mainly as Fe 2? or Fe 3? . Iron an essential element in human nutrition, is an integral component of cytochromes, porphyrins and metalloenzymes. The ingestion of large quantities of iron results in hemochromatosis. It is a condition in which normal regulatory mechanisms do not operate effectively which leads to tissue damage as a result of the accumulation of iron. In some cases of alcoholism, tissue damage has occurred with excessive intake of iron from alcoholic beverages (Central Water Commission (CWC) 2014; Mesías et al. 2013) . Iron is generally present in surface waters as salts containing Fe(III) when the pH is above 7.
Lead
Lead is a most common heavy element and commonly distributed throughout the environment (Greenwood and Earnshaw 1984) . Lead is the most toxic heavy metal, and the inorganic forms are absorbed through food and water, and inhalation (Ferner 2001 ). Lead poisoning causes teratogenic effect, inhibition of the synthesis of hemoglobin, dysfunctions in the kidneys, joints, reproductive systems, cardiovascular system, chronic damage to the central nervous system and peripheral nervous system (Ogwuegbu and Muhanga 2005) . And some other effects such as damage to the gastrointestinal tract, urinary tract resulting in bloody urine, neurological disorder and permanent brain damage. As inorganic forms of lead affect central nervous system, peripheral nervous system, gastrointestinal tract and organic forms, mostly affect the central nervous system (McCluggage 1991; Ferner 2001; Institute of Environmental Conservation and Research INECAR 2000; Lenntech Water Treatment and Air Purification 2004) . Most important lead affects children on the brain and results in poor intelligence quotient (Udedi 2003) . Its absorption in the body is increased by calcium and zinc deficiencies.
Nickel
Nickel is an essential metal for several animal species, micro-organisms and plants, and toxicity symptoms can occur when too little or too much nickel is taken up (Cempel and Nikel 2005) . The average abundance of nickel in the earth's crust is 1.2 mg/L, in soils it is 2.5 mg/L, in streams it is 1 lg/L and in groundwater it is \0.1 mg/L. Nickel is obtained chiefly from pyrrhotite and garnierite. Nickel concentration is increasing in certain areas by human activities such as mining works, emission of smelters, burning of coal and oil, sewage, phosphate fertilizers and pesticides (Gimeno-García et al. 1996) . It is assumed that nickel is an essential element for some plants and animals. Nickel is a ubiquitous metal frequently responsible for allergic skin reactions and has been reported to be one of the most common causes of allergic contact dermatitis, as reflected by positive dermal patch tests (Cavani 2005; Kitaura et al. 2003; Clarkson 1988 ).
Zinc
Zinc is a necessary element for all living things as well as for human beings. Zinc containing proteins and enzymes are involved in replication and translation of genetic material (Galdes and Vallee 1983) . Zinc is an essential element for human diet that is 4 and 10 mg/day is required depending on age and pregnant women require up to 16 mg/day. Food constitutes the most important source of zinc. Zinc is considered to be comparatively non-toxic if taken orally but excess amount can cause system dysfunctions that result in impairment of growth and reproduction (Institute of Environmental Conservation and Research INECAR 2000; Nolan 2003) . The clinical signs of zinc toxicosis have been reported as vomiting, diarrhea, bloody urine, icterus (yellow mucus membrane), liver failure, kidney failure and anemia (Fosmire 2001) .
Drinking water standards
In view of the direct consumption of water by humans, the domestic water supply is considered to be the most important use of water and drinking use has been given priority on utilization of water resource in the National Water Policy. Bureau of Indian Standards (BIS) 10500 (2012) and Indian Council of Medical Research (ICMR) agencies have formulated drinking water standards in India while World Health Organization (WHO) has considered international drinking water standards. According to BIS 10500 (2012), the requirement (acceptable limit) and permissible limit in the absence of alternative source is given in Table 1 .
Study area
Godavari basin extends over states of Maharashtra, Andhra Pradesh, Chhattisgarh and Odisha including smaller parts in Madhya Pradesh, Karnataka and Union territory of Puducherry having an area of 3,12,812 km 2 which is nearly 9.5% of the total geographical area of the country. The total maximum length and width of the Godavari river is 995 and 583 km. It lies between 73°24 0 -83°4 0 east longitudes and 16°19 0 -22°34 0 north latitudes (Fig. 1) . It is bounded by Satmala hills, the Ajanta range and the Mahadeo hills on the north, by the Eastern Ghats on the south and the east and by the Western Ghats on the west. It rises from Trimbakeshwar in the Nashik district of Maharashtra about 80 km from the Arabian Sea, at an elevation of 1067 m. The total length of Godavari from its origin to outfall into the Bay of Bengal is 1465 km. Its important tributaries joining from right are the Pravara and the Manjra, while the Purna, the Penganga, the Wardha, the Wainganga, the Indravati and the Kolab joins from left. The upper reaches of the Godavari drainage basin are occupied by the Deccan Traps containing minerals, hypersthene, augite, diopside, enstatite, magnetite, epidote, biotite, zircon, rutile, apatite and chlorite. The middle part of the basin is principally Archean granites and Dharwars composed of phyllites, quartzites, amphiboles and granites. The downstream part of the middle basin is occupied mainly by the Cuddapah and Vindhyan metasediments and rocks of the Gondwana group. The Cuddapah and Vindhyan are quartzites, sandstones, shales, lime stones and conglomerates. The Gondwanas are principally detritals with some thick coal seams. The Eastern Ghats dominate the lower part of the drainage basin and are formed mainly from the Khondalites which include quartz-feldspar-garnet-silllimanite gneisses, quartzite, calc-granulites and charnockites. In the coastal region, the tertiary Rajahmundry sandstones crop out.
Materials and methods
Grab samples were collected from the Godavari river basin at a depth of about 0.3 m from 18 sampling locations. The sampling locations with their coordinates are shown in Table 2 . Sampling was carried out six times from Sept. 2011 to Aug. 2013. The sample bottles were soaked in 10% HNO 3 for 24 h and rinsed several times with double-distilled water (DW) prior to use. Water samples (500 mL) were collected and immediately acidified with 2-mL ultra pure nitric acid (1:1 or 50-mL concentrated HNO 3 ? 50 mL DW) and 2-mL HCl for arsenic to lower pH to \2. The samples thus preserved were stored at 4°C in sampling kits and brought to the lab for metal analysis. In the lab, water samples were filtered through 0.45 lm membrane filter. Samples were collected in the months of Sept. 2011 , Feb. 2012 , June 2012 , Oct. 2012 , March 2013 and Aug. 2013 . All chemicals and reagents were purchased from Merck, India and standard solutions of metals were obtained from Merck, Germany. Deionized water was used during the study. All glassware and other containers were cleaned with deionized water prior to use. Trace metal analysis was carried out using Atomic Absorption Spectrometer (AAS) following standard methods given in APHA (2012).
Results and discussion
Heavy metal concentration ranges in the study area during Sept. 2011 to Aug. 2013 are shown in Table 3 . The minimum-maximum values of metals with 25 and 75% are shown in Box Whisker diagram (Fig. 2) . (2012) and there is no toxicity of Zn in the river water.
Iron
According to BIS, the acceptable limit of iron is 0.3 mg/L (300 lg/L). The occurrence of iron in river water ranges 1-240 lg/L. All the samples are within the acceptable limit (Fig. 3) is plotted by taking average copper concentration for the whole study period.
Conclusion
The analyzed data revealed that iron and zinc metals were found to be the most abundant metals in the river Godavari and its tributaries. Iron (Fe) recorded the highest, while cadmium (Cd) had the least concentration. Arsenic, cadmium, chromium, iron and zinc metals are within the acceptable limit of BIS 10500 (2012). It can be concluded that rapid population growth and industrialization have brought about resource degradation and a decline in environmental quality. The analysis of Godavari river and its tributary's water samples reveals that the water is contaminated at selected points which are not suitable for drinking. Nickel and copper concentrations are above acceptable limit and other metal concentration is within the acceptable limit. Comprehensive study of the results reveals that out of 18 water quality stations monitored, water samples collected at 7 water quality stations are found to be within the permissible limit for all purposes. While Rajegaon, Tekra, Nandgaon, P. G. Bridge, Bhatpalli, Kumhari, Pauni, Hivra, Ashti, Bamini, and Jagda stations were found to have nickel concentration beyond the permissible limit and copper concentration above acceptable limit as proposed in BIS 2012. The contents of copper metal ions were higher at some water quality stations on Wunna river (Nandgaon); Wardha river (Hivra) and Wainganga river (Kumhari, Pauni, Ashti) in Feb. 2012, while nickel concentration in Feb. 2012 , June 2012 , March 2013 and Aug. 2013 at some water quality stations on rivers Bagh, Indravati, Pranhita, Wunna, Penganga, Peddavagu, Wainganga and Wardha is high (Fig. 4) . The major source of copper and nickel pollution on rivers is the anthropogenic municipal solid waste and sewage from nearby towns/habitations, agricultural runoff and native soil erosion. The quality of the rivers is degraded due to the municipal and industrial discharges from the catchment.
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